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Abstract 
The Arctic region is composed of unique marine and terrestrial ecosystems that provide a range 
of services to local and global populations. However, Arctic sea-ice and permafrost is melting at 
an unprecedented rate, threatening many of these ecosystems and the services they provide. This 
short communication provides a preliminary assessment of the quantity, distribution and 
economic value of key ecosystem services as well as geological resources such as oil and 
minerals provided by Arctic ecosystems to beneficiaries in the Arctic region and globally. Using 
biophysical and economic data from existing studies, preliminary estimates indicate that the 
Arctic currently provides about $$281 billion per year (in 2016 US$) in terms of food, mineral 
extraction, oil production, tourism, hunting, existence values and climate regulation. However, 
given predictions of ice-free summers by 2037, many of the ecosystem services may be lost. We 
hope that this communication stimulates discussion among policy-makers regarding the value of 
ecosystem services and such geological resources as minerals and oil provided by the Arctic 
region, and the potential ecosystem losses resulting from Arctic melt, so as to motivate decisions 
vis a vis climate change mitigation before Arctic ice disappears completely. 
Keywords: Arctic; valuation; ecosystem; climate change 
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1. Introduction 
Although often perceived as barren and devoid of life, the Arctic region (Figure 1) is composed 
of unique marine and terrestrial ecosystems and abiotic natural resources, such as minerals and 
oil, that provide a range of services to both local and global populations (Barros et al., 2014; 
CAFF, 2013). Local communities benefit from access to subsistence goods, such as fish, birds 
and marine mammals, and obtain significant cultural benefits from collectively engaging in 
subsistence hunting and interacting with their landscapes (CAFF, 2013). Non-Arctic 
communities around the world benefit indirectly from aesthetic services provided by the Arctic 
environment (e.g. documentary and photography) and knowledge generated by research in the 
region; they also benefit directly from recreational opportunities in the Arctic. And the well-
being of the entire global community is dependent on climate regulation services provided by 
Arctic sea-ice and land-based permafrost (Goodstein et al, 2010).  
 
Figure 1. The Arctic Circle 
 
Courtesy of  Hugo Ahlenius, UNEP/GRID-Arendal  
http://www.grida.no/graphicslib/detail/arctic-map-political_1547. 
 
 
 
ARCTIC OCEAN 
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However, the Arctic region is experiencing rapid climate change. Permafrost (permanently 
frozen subsoil) on Arctic land areas is melting, sea temperatures are rising, and the Arctic sea is 
predicted to be completely ice-free in summer before mid-century (Figure 2) (Program, 2014; 
IPCC, 2013; Wang and Overland, 2009).  
Declining sea-ice, warmer temperatures, and longer summer periods have serious implications 
for the health of Arctic ecosystems and the well-being of local and global communities. Sea-ice 
decline will result in decreasing availability of sea-ice algae, which contributes about 57 percent 
of Arctic marine primary production (Gosselin et al., 1997). Sea-ice dependent species, such as 
polar bears, are already experiencing declines as their usual hunting grounds disappear (Durner 
et al., 2009). Warmer sea-temperatures may lead to declines in marine species that depend on 
cooler Arctic waters for survival (e.g. Arctic cod) (Vilhjálmsson & Hoel, 2013). These 
ecosystem impacts directly affect local communities that depend on their surrounding 
environment for subsistence, income generation and cultural identity.  The loss of unique 
ecosystems and species may also represent a loss to people around the world who value them for 
their own sake independent of use; moreover, some would argue that these ecosystems have 
intrinsic value independent of human preferences (Turner, 2001). 
 
Figure 2. Current and projected Arctic sea ice extent 
 
 
       Source: Wang & Overland (2009) 
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Climate change impacts on the Arctic will also have physical consequences at a global scale. As 
permafrost melts, methane is released from the newly exposed soil thereby increasing the 
concentration of greenhouse gases in the atmosphere (Goodstein et al., 2010). In addition, the 
ice-albedo effect is diminishing as retreating sea-ice means less sunlight is being reflected back 
into space. Both these effects imply the loss of important climate regulation services provided by 
the Arctic, which will lead to even greater warming of the atmosphere (Goodstein et al., 2010).  
Given the rapid changes that are taking place in the Arctic, it is critical to account for the value 
of the services provided to society by Arctic ecosystems and the potential costs resulting from 
their loss (de Groot et al., 2012). This will allow for more informed decision-making regarding 
protection and conservation efforts, and estimation of compensation for local communities 
suffering the brunt of these losses. This study provides a preliminary assessment of the quantity, 
distribution and economic value of key goods and services currently provided by Arctic 
ecosystems. Benefits will be assessed for different beneficiaries including local communities, 
populations of Arctic nations, industries benefitting from ecosystem services, minerals and oil in 
the Arctic, and the international community. Notably, the Arctic biome is composed of more 
than one ecosystem. These may be broadly classed as:  1) terrestrial (tundra, boreal forests and 
permafrost), 2) marine, and 3) sea-ice. For the purpose of this study, only goods and services that 
are delivered by ecosystems or mineral and oil resources north of the Arctic Circle (66°latitude) 
will be considered, unless otherwise stated.  
It is noted that, although ES valuation does not typically include abiotic resources (see for e.g. 
MA, 2005), such as minerals and oil, it was considered appropriate to include them in the present 
study due to the importance of these resources to management, businesses and local communities 
(AMAP, 2010). As noted by van der Meulen, Braat & Brils (2016), leaving out abiotic flows 
with high societal relevance from analyses of ES fails to account for competing interests between 
use of abiotic resources and use or management of biotic resources. This issue of how to account 
for abiotic resources in ES valuation is also discussed in Armstrong et al (2012) and Daly (2015). 
However, it is acknowledged that the environmental impacts of extracting minerals and oil may 
not be fully accounted for in the present study, which uses only the costs of production, although 
to a certain extent, investments in civil liability funds set aside for mitigation and remediation 
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purposes should be reflected in the costs of production (Mason, 2003). The implications of the 
environmental impacts of extractive (as well as non-extractive) direct uses of the Arctic natural 
resources will be discussed alongside the discussion of the benefits of extraction.   
Economic values reported here have been sourced from secondary sources, combined with a few 
original calculations (detailed in Section 4). Values are structured using the ‘total economic 
valuation’ framework, which accounts for the full range of benefits provided by ecosystems as 
well as minerals and oil, in an attempt to understand the annual economic value of the benefits 
currently provided by the Arctic.  
 
 
2. Total Economic Valuation Framework  
From an economic point of view, the flow of benefits provided by ecosystems, minerals and oil 
have economic value in as much as they satisfy human preferences, needs and wants. This does 
not mean they do not have intrinsic value that is independent of human preferences, but 
economics relies on humans for valuations to be made (for a discussion on the anthropocentric 
assumptions underlying economic valuation, see Turner (2001)). The economic value of an 
ecosystem is generated by the combination of services provided by the ecosystem , which 
include regulating (e.g. climate regulation), provisioning (e.g. food) and cultural services 
(Pascual et al.. 2010; Hein et al., 2006), in conjunction with investments of effort, time and other 
forms of human-derived capital (Braat & de Groot, 2012; Jones et al, 2016). The aggregate 
economic value of these ecosystem services (ES) may be divided into several components 
(Krutilla, 1967), which are summarized in Figure 3. These values make up the Total Economic 
Value (TEV) of an ecosystem. In assessing the TEV of an ecosystem, it is advisable to focus on 
the final products (e.g. provisioning services such as food) to avoid double-counting (Hein et al., 
2006). For more detailed discussion on the use of the TEV to value ES, see Pascual et al. (2010). 
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Figure 3. Total economic value framework for the Arctic 
 
 
Using the TEV framework, the present study aims to estimate the economic value of the goods 
and services provided by Arctic ecosystems as well as by minerals and oil  (see Section 3) to 
beneficiaries within the Arctic region and globally.  
 
 
3. Selection of ecosystem services, minerals and oil resources for valuation 
The key services that are included in this study (Table 1) were selected in discussion with experts 
on Arctic science at Columbia University (members of the NSF-funded PoLAR project) in 
combination with a review of key documents on Arctic biodiversity, mineral and fossil fuel 
resources and potential impacts of climate change in the region (e.g. CAFF, 2013; Hassol, 2013). 
The final list is far from exhaustive, and excludes important values for which there is insufficient 
data available, such as tourism expenditures on land, values associated with sport hunting, and 
existence and bequest values for the Arctic as a whole. However, it is hoped that the preliminary 
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estimates provided in this study capture the value of some of the more important resources 
provided within the region.  
 
4. Data Collection and Methods  
This study uses data from secondary sources, and a few original calculations. Given the dearth of 
peer-reviewed publications on the value of Arctic ecosystems (noted in Costanza et al., 1997 and 
later in de Groot et al., 2012) identified in relevant journals, such as Ecological Economics and 
Environmental and Resource Economics, as well as valuation databases such as such as EVRI 
(1997) and ValueBaseSwe (Sundberg and Soderqvist, 2007), existing studies were also sourced 
from the grey literature, and   governmental and consultancy reports. Existing studies use a 
variety of methods to value resources, depending on the ecosystem service or other natural 
resource being valued. Direct use values were estimated using market prices &/or replacement 
cost approaches; indirect use values were assessed using damage cost approaches; and non-use 
values were mostly assessed using stated preference methods, or benefits transfer. For a review 
of these methods, see Pearce et al. (2006). 
With the exception of the existence value of polar bears conducted by Olar et al. (2011), all 
values reported this this paper are based on data from original case studies. The value of polar 
bears reported in Olar et al. (2011) was produced using a model generated by Richardson and 
Loomis (2009) based on a meta-analysis of contingent valuation studies of endangered species 
(none of which included the polar bear). It was considered important to include the existence 
value of polar bears given the iconic importance of this species, and its role as a keystone species 
in the Arctic (Duarte et al., 2012). Additionally, only ecosystem services or abiotic resources 
generated within the Arctic region were included; however, existence values for beluga whales 
used values estimated for belugas in the St Lawrence Estuary which is south of the Arctic circle 
(Boxall et al., 2012). However, beluga whales tend to migrate between Arctic and sub-Arctic 
waters (Laidre, 2008), so the willingness to pay (WTP) for the more southerly beluga was taken 
as indicative of WTP for belugas in general. 
The benefits from Arctic ES accrue to different beneficiaries, depending on the scales at which 
they are provided and at which the benefits are realized (Hein et al., 2006). The different 
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beneficiary groups considered in this paper include:   a) local communities living in the Arctic 
region, b) the wider populations of Arctic nations (Alaska (U.S.), Finland, Greenland (Denmark), 
Iceland, Norway, Russia and Sweden), c) private industry with interests in the Arctic (i.e. 
fishing, mining, oil and tourism), and d) the international community. Local communities in the 
Arctic engage directly with their local ecosystems and landscapes through the harvest of local 
resources (provisioning services); indigenous communities in particular obtain significant 
cultural benefits from cooperating on hunting activities (Huntington, 2013). Cultural benefits 
may also be enjoyed by national and international communities; for example, conservation of 
unique species such as the polar bear may be valued by citizens of Arctic countries as well as by 
the international community. Industries in the region benefit from the large-scale provision of 
fisheries, minerals and oil benefits (in conjunction with human-capital inputs benefits). Climate 
regulation services benefit local, national Arctic and international communities via the 
stabilization of the climate, which impacts growing seasons, species distributions, flooding, 
droughts and so forth (IPCC, 2007). In fact, a large proportion of the associated final services 
from climate regulation (see Section 4) accrue to communities outside of the Arctic region.  
Thus, although climate regulation contributes to the production of some of the final services 
included in this study, a large part involves benefits to the rest of the world. For this reason, 
climate regulation is included in this study; however, to avoid double-counting it has been 
assumed that climate regulation is partially accounted for in the value of the following final 
goods: food (subsistence harvest and commercial fisheries), polar bear hunting, and the existence 
value of reindeer herding, beluga whales and polar bears. For more details, see Supplementary 
Material. 
All values were converted (where necessary) to per capita annual values (i.e. the benefit per 
person per year), and are standardized to 2016 US$, using inflation rates and purchasing power 
parity conversion factors as appropriate. The full description of data sources, procedures and 
assumptions used to obtain estimates of the economic value of key Arctic ES and abiotic 
resources in this study are found in the Supplementary Material. 
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5. Results 
Economic values for key goods and services provided by ecosystems, as well as minerals and oil 
resources, in the Arctic region are presented in Table 1 below. In addition to point estimates, 
value ranges are also provided where this information is available. Results show that there is 
more available data associated with direct (extractive) use values, than for any of the other sub-
categories of economic value.  This does not reflect their relative importance, but the fact that 
they are easier to measure due to the availability of data on prices and quantities 
harvested/extracted. The data for direct-use extractive values suggest that oil resources have the 
greatest economic value (US$17.45bn annually) followed by mineral extraction (US$2.35bn per 
year) and arctic fisheries (US$1.26bn per year).  
Subsistence-based extraction, on the other hand, accounts for a far smaller $0.25bn per year in 
value. However, the population benefitting from subsistence activities is very small (about 
400,000 people (Bogoyavlenskiy & Siggner, 2004)), so the distribution of these benefits results 
in a substantial US$633 per capita per year. Given an average per capita income in the Arctic 
region of about US$21,000 per year (Larsen & Fondahl, 2015), subsistence use-values represent 
three percent of per capita income. This figure however does not include the cultural and social 
capital (i.e. trust and social network) benefits from engaging in subsistence activities, which are 
likely to be significant (Huntington, 2013).  
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Table 1. Summary of Annual Economic Values of Key Arctic Ecosystem Services, Minerals 
and Oil 
  Details Ecosyst
em 
Annual value 
(billions 2016 
US$) 
Whose benefits? Annual value 
per capita (2016 
US$) 
Direct use value (extractive/provisioning) 
Food 
(subsistence 
harvest) 
Fish, land mammals, 
marine mammals, birds, 
eggs, plants 
T, M, S 0.25 
(0.17 – 0.34) 
Local indigenous 
(n=approx. 400,000) 
632 
(421 – 843) 
Food 
(commercial 
fisheries) 
e.g. Arctic cod, 
groundfish, salmon. 
M 1.26 Fisheries producers n/d 
Minerals e.g. Zinc, chromium, lead, 
gold, copper  
T 2.35a Arctic mining nations/ 
mining companies 
n/d 
Oil North Slope, Alaska & 
Northwest Arctic region, 
Russia 
T 17.45 Arctic oil producing 
nations/ oil companies 
n/d 
Direct use value (non-extractive/cultural & amenity) 
Hunting 
(cultural/ 
identity value) 
Polar bear hunt (only 
estimate found) 
T, S 0.99 Indigenous adult 
population of counties 
that permit hunting 
(n=157,846) b 
6,298 
Tourism 
(cruise ship) 
Cruises to Svalbard, 
Greenland, Franz Josef, 
Jan Mayen, Canada 
M, T, S 0.02 Cruise companies n/d 
Indirect use value 
Climate 
regulation 
Albedo effect & methane 
capture 
T, M, S 216.59 (45.33 – 
387.84) 
 
Global beneficiaries 
(minus Arctic 
communities to avoid 
double counting) 
29.27 
(6.13 – 52.41) 
Non-use values 
Existence 
value 
(cultural) 
Cultural value of reindeer 
herding to non-herders 
T 3.20 
(2.38-4.02) 
Traditional herding 
nations c 
24.61 
(18.29 - 30.93) 
Existence 
value (iconic 
species) 
Beluga whale populations M 29.44 (14.82 – 
44.07) 
(18.51- 55.04) 
Arctic nations with 
beluga populations d 
96.30 
(48.46 -144.13) 
Existence 
value (iconic 
species) 
Polar bear populations M,T 8.99 
 
Canadian households 316.80e 
T=terrestrial, M=marine, S=sea-ice. Where ranges of values are provided in the original studies, these are reported here in 
brackets (under the mean value) 
a Given the large variation in production costs for mining, it was assumed that 50% of mining revenue comprises costs (based on 
production costs for mining in Alaska). 
b Polar bear hunting only permitted in the U.S. (Alaska), Canada and Greenland (PBSG, 2009).  
c Sweden, Norway, Finland, Russia are nations with traditional reindeer herding activity. 
d The original study (Boxall et al., 2012) estimated marginal utility changes for different levels of beluga whale conservation 
compared to a current level of 1000 belugas (classed as “threatened”). We assume WTP results from Boxall et al. are indicative 
of existence values for beluga populations among adults in Arctic nations with beluga populations, which include Canada, 
Greenland, Norway, Russia and the U.S..  
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There is data however on the cultural value of the polar bear hunt to Inuit hunters in the 
Canadian Arctic - a direct-use, non-extractive value. In an assessment of the socio-economic 
importance of polar bears to Canadian households, Olar et al. (2011) estimated that the cultural 
benefit of hunting a polar bear comes to about US$6,547 per adult per year (in 2016 US$) 
(estimated by calculating the forgone income from not selling the rights to hunt the polar bear to 
trophy hunters). This is almost one third of the per capita income for Arctic populations noted 
above (Larsen & Fondahl, 2015), a very substantial economic value indeed. Extrapolated to all 
indigenous adults in countries that allow polar bear hunting (Canada, Greenland and U.S. 
(PBSG, 2009)), the overall value comes to $1.30bn per year.  
The other non-extractive direct use value in this study is for cruise-based tourism. Results 
indicate that the present value of cruise-based tourism (US$0.02bn per year) in the Arctic is 
currently rather small. However, as summer sea-ice melts and cruise ships have greater access to 
Arctic waters, tourism may increase, although this depends on the Arctic retaining some of its 
uniqueness as a tourist destination. At present, however, only a few areas for wildlife viewing are 
accessible, resulting in concentrated traffic to those particular areas and ecosystem degradation 
from excess trampling of vegetation, noise pollution and litter (Snyder, 2007). This suggests that 
the carrying capacity of Arctic ecosystems is already being reached, tempering the potential for 
increases in tourism.  
The economic value of climate regulation services provided by the Arctic sea-ice and 
permafrost surpasses all other values by up to three orders of magnitude. This is because these 
services are global in nature; the entire planet depends on the climate regulation services 
provided by the Arctic. In absolute terms, this figure is vast – although distributed over the entire 
world population, it only amounts to about $30 per capita per year, substantially less than the per 
capita benefits of subsistence hunting and cultural benefits enjoyed by local populations. 
Finally, non-use values are expected to be significant, given that the Arctic is a unique 
environment with non-substitutable species and ecosystems. Results in Table 1 show that 
reindeer herding has value to non-herders ranging between $18.29 and $30.93 per capita per year 
(using values from Bostedt and Lundgren, 2010). Assuming that residents of countries with 
reindeer herding activities similarly value traditional herding, the total value is estimated to range 
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between $2.38 and $4.02 billion dollars a year. The existence value of beluga whales is estimated 
to range between $48.6 and $144 per adult per year ((based on values in Boxall et al., 2012); the 
total estimate comes to between $18.51- $55.04 per year for all countries with beluga whale 
populations. Polar bears on the other hand are valued at US$316.80 per capita per year ($475 per 
household, assuming 1.5 adults per household), based on values for Canadian households 
reported in Olar et al. (2011). If we compare the per capita values for polar bears with per capita 
values for beluga whales, then polar bears values are almost four times the values for beluga 
whales. Extrapolation over all countries with polar bear populations would yield an overall 
estimate of the order of $121bn per year. This is a very large value, and should be taken with 
caution due to fact that it is based on non-primary data. For this reason, the table only reports 
non-use values for Canadian residents, as it is considered that this value may be inordinately 
large (especially when compared to other non-use values). Taking existence values for beluga 
whale, however, it can be concluded that existence values are very substantial and comparable to 
the economic value of present-day mineral extraction in the Arctic (in making this comparison I 
am claiming commensurability of different types of values, and issue that is debated in 
environmental ethics (Aldred, 2006)). Of course, it may not be appropriate to extrapolate benefits 
estimated for residents of one region or country over the wider populations of Arctic countries, 
as non-use values may depend on the cultural background and perceptions of the beneficiaries 
(Hein et al. 2006). Furthermore, as distance from the ES being valued increases, individual 
valuation of the benefits may decrease (Schaafsma, Brouwer & Rose, 2012). Hence, these non-
use values may represent an overestimate as distance decay effects have not been considered. 
Overall, this preliminary assessment indicates that the annual flow of benefits from key (but by 
no means, exhaustive) ecosystem services, as well as minerals and oil, provided by the Arctic 
comes to about $290 billion per year (in 2016 US$); 60% of this value is accounted for by global 
climate regulation service provided by permafrost and ice to beneficiaries across the globe. 
However, the highest per capita values accrue unsurprisingly to indigenous communities, who 
benefit greatly from subsistence food and cultural capital associated with their interactions with 
their environment. 
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6. Discussion and Conclusion 
Economic values presented here are for current flows of ecosystem services as well (as some 
key abiotic resources) provided by the Arctic region. With climate change, however, many of the 
ecosystem benefits may be lost. For example, it is considered that polar bear populations will 
decline by about 30% overall due to climate change (Durner et al. 2009). Although no primary 
economic non-use values have been generated for polar bears (and hence caution is urged when 
using this value as noted in Section 3), we can safely assume that members of the public will 
value the long-term existence of these iconic species at least as much as beluga whales. This 
implies an annual loss of at least $96 per capita per year. Other species that are dependent on 
sea-ice such as bearded seals are also likely to experience increased mortality due to 
disappearing habitat (Kovacs et al., 2011), resulting in further losses to human welfare in terms 
of our valuation of the existence of these species.  
Climate change however may also lead to new opportunities. For example, the USGS (2008) 
estimates that there are 90bn barrels of recoverable oil in the Arctic, 25% of which are in Alaska, 
as well as 44bn barrels of natural gas liquids. In addition, mineral extraction is likely to increase 
significantly, particularly in Greenland (see Table S6 in Supplementary Material). Greater 
accessibility and lower risks imply greater profit margins for the oil and mining industry. 
Furthermore, as sea-ice retreats, fishing grounds that were previously not accessible will open 
up; warmer temperatures will benefit some existing commercial fish species and lead to 
northwards migration of fisheries from the south. Shipping routes may also open up; shorter 
Arctic routes (compared to, for example, the Suez Canal) have the potential to save companies 
millions in increased savings in time and fuel (Emmerson & Lahn, 2012). 
On the other hand, all these opportunities will also potentially result in disruption to 
ecosystems in the region. For example, one can anticipate overfishing as a result of increased 
access to Arctic waters. Oil extraction has high environmental costs associated with oil leaks 
from pipes, oil spills and extensive infrastructure development (Krupnick et al., 2011; AMAP, 
2010) as well as from the increased carbon emissions resulting from use of oil. Mining for 
minerals and metals has very high environmental costs. For example, in an assessment of the 
potential environmental impacts of the controversial open-pit Kvaefjeld uranium mine in 
Greenland which is due to initiate operation in 2018 (see Table S6 in Supplementary Material), 
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van Leeuwen (2014) concludes that that the tailings (mining waste) will entail an environmental 
and health hazard regardless of how they are disposed of. Nonetheless, the potential to stimulate 
the economies in these Northern latitudes may be valuable to local communities with few 
opportunities (AMAP, 2010), hence robust and extensive regulation and sustainable practices are 
essential for these potentially expanding industries to minimise negative impacts in the Arctic. 
This aim of this short communication was to identify the economic value of ecosystem services 
provided by Arctic ecosystems, and to highlight the need for more primary data to aid in this 
process. The data presented in this paper only modestly touch on the full range of benefits 
currently provided by Arctic ecosystems. Much more primary data on economic values is 
needed, particularly primary data on economic non-use values. The loss of the Arctic sea-ice and 
permafrost ecosystems will be irreversible; quantifying the extent of this loss and its impact on 
our welfare is critical to inform policy-makers, and motivate decisions vis a vis climate change 
mitigation before Arctic ice disappears completely. 
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